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Fig. 1 The location of study area and sampling points
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Cr; i Igr Mn Ni Pb Zn 1.17~63.87 0.11~
Igr<0 035 33.79~7597 1591 ~43.38 363.01 ~572.03
0<lpr=1 1<[pr<3 3<[gr<5 21.68 ~53.25 0.99 ~81.22 39.32 ~ 719.35 mg/kg
Igr>5 9.63 021 51.74 29.09 472.56
37.09 48.26 141.29 mg/kg
2
Cu
2.1 Mn As Cd
Cr Ni Pb Zn
1 As Cd Cr Cu 1.06 1.75 131 140 3.57 8.41
#1 BHBSETFRALEESEESERIT (n1=30)
Table 1  Statistic of heavy metal concentrations in marginal zone of wetland
As Cd Cr Cu Mn Ni Pb Zn
(mg/kg) 1.17 0.11 3379 1591 363.01  21.68 0.99 39.32
(mg/kg) 63.87 035 7597 4338  572.03 5325  81.22 719.35
(mg/kg) 9.63 0.21 5174 29.09 47256 37.09 4826 141.29
(mg/kg) 14.67 0.07 8.96 6.38 51.23 6.99 27.75 155.51
1.52 0.33 0.17 0.22 0.11 0.19 0.58 1.10
2.90 0.90 0.66 0.19 -0.37 0.18 -0.31 2.48
8.30 -020 076  -0.12 032 0.48 -1.63 6.22
(mg/kg) 9.09 0.12  39.60 3580  688.0  26.40 13.50 16.80
(mg/kg) 25.0 0.60  250.0  100.0 - 60.0 350.0 300.0
(Skewness) Zn(8.41)>Pb(3.57)>Cd(1.78)>Ni(1.40)>Cr(1.31)>As
(1.06)>Cu(0.81)>Mn(0.69) Pb  Zn
(Kurtosis) As Cd Cr Ni Cu Mn
( 2) As
As  Zn ( 290  2.48) 66.67% 3.33%
(8.30 6.22) As 20.0% 10.0% Cd
7n 6.67% 66.67%  26.66%
(CV) Cr Ni Cr Ni
96.67%
20] 90.0% Cu
As Pb 7n 1.52 0.58 33.33% 56.67% 10.0% Mn
1.10 (CV>0.50) As Pb  Zn 53.33%  46.67%
cd Pb Zn Pb
0.33 (0.25<CV<0.50) Zn 56.67%
cd Cr Cu Mn 96.67 (PLI)
Ni (CV<0.25) 0.75~1.96 1.43
PLI PLI
2.2 13.33%  86.67%
2.3
(CF) (3
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(E) As Cr Cu Ni Pb Zn
Cd(10.65)>As(3.85)> 40 Cd
Ni(3.09)>Cu(1.45)>Pb(0.69)>Zn(0.47)>Cr(0.41) Cd
x2 EHIGHEARFERINESHSESBHNE S L(%, n=230)

Table 2 Percentages of sites at different pollution levels in total sample sites in marginal zone of wetland

As Cd Cr Cu Mn Ni Pb Zn PLI
66.67 0 0 33.33 53.33 0 10.0 0 0
3.33 6.67 3.33 56.67 46.67 6.67 0 0 13.33
20.0 66.67 96.67 10.0 0 90.0 33.33 0 86.67

0 26.66 0 0 0 3.33 0 333
10.0 0 0 0 0 0 56.67 96.67

®3 BHOSETFRELBRESEREBEESKEITN @ =30)

Table 3 Potential ecological risk assessment of heavy metals in formland in marginal zone of wetland

E RI Ier
As Cd Cr Cu Ni Pb Zn
0.47 5.50 0.27 0.80 1.81 0.01 0.13 11.49 -5.51
25.55 17.50 0.61 2.17 4.44 1.16 2.40 41.80 -2.63
3.85 10.65 0.41 1.45 3.09 0.69 0.47 20.62 —4.53
(RD) Cd Zn Pb
11.49 ~ 41.80 20.62 PLI RI I
RI
(Ier)
-5.51 ~-2.63 —4.53 2.5
Irr
24 PLI RI [y
PLI RI I (21-22] SPSS19.0
ArcGIS10.3 PLI RI  Igx
( 2 ( 4 4 Cu-Ni Cr-Pb Ni-Pb
2 PLI RI I Person P<0.01
PLI RI Cd-Mn Cr-Cu Cr-Mn Cu-Mn Ni-Zn Pb-Zn
Igr P<0.05
Cd-Mn  Cr-Cu-Mn-Pb
PLI RI  Igr PLI RI Cu-Mn-Ni Ni-Pb-Zn

IER
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Fig. 2 Spatial distribution patterns of PLI, RI and /gr of farmland soils in marginal zone of wetland
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F4 BHBETRALESECETRZEBEXREY
Table 4 Correlation coefficients between heavy metals in farmland soils of marginal zone of wetland
Cd Cr Cu Mn Ni Pb Zn
As 0.23 -0.03 —-0.11 0.06 0.31 -0.20 -0.22
Cd -0.14 0.09 0.42* 0.35 0.06 0.08
Cr 0.42%* 0.41%* 0.04 —0.51%** 0.09
Cu 0.43* 0.49%** 0.18 -0.33
Mn 0.26 0.03 -0.14
Ni 0.47%* —0.43*
Pb -0.40*
ok P<0.01 * P<0.05
As Cd
(231 As As
5y 3 1
80.15% As As
42.60%
Cr Cu Mn Ni As
0.89 0.72 0.61 0.84 Cr 7l
Mn Ni
Cr Cu Mn Ni As 1 cd
¢ D
23] cd cd
( )
Cr Cu Mn Ni
Pb  Zn
-0.73  0.61 Pb  Zn -
Pb [28]
3.57 Cu As Cd
841 (1 [24-26] Pb  Zn As Cd
As Cd
Pb Zn
®5 EHIGHFIRESRIERATHRT
Table 5 Factor matrix for soil heavy metal elements in marginal zone of wetland
(%) (%) As Cd Cr Cu Mn Ni Pb Zn
F1 2.45 42.60 42.60 0.25 0.43 0.89 0.72 0.61 0.84 0.47 -0.34
F2 1.82 20.70 63.30 0.00 0.05 0.16 0.32 0.50 -0.18  -0.73 0.61
F3 1.15 16.85 80.15 0.72 0.67 -0.23 -0.43 0.09 0.10 -0.29 0.21
1.06 1.75 1.31 1.40
3 357 841 Pb  Zn As Cd
Cr Ni Cu Mn
As Cd Cr Cu Ni Pb Zn
As Cd Cr Ni Pb Zn
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Contamination and Risk Assessment of Heavy Metal Elements in
Farmland Soils Along Marginal Zone of Bosten Lake Wetland

Mamattursun EZIZ', Ajigul MAMUT', Mattohti ANAYIT', Anwar MOHAMMAD?

(1 College of Geographical Science and Tourism, Xinjiang Normal University, Urumqi 830054, China;
2 College of Chemistry and Chemical Engineering, Xinjiang University, Urumqgi 830046, China)

Abstract: The geochemical characteristics of eight heavy metal elements (As, Cd, Cr, Cu, Mn, Ni, Pb and Zn) along the
marginal zone of Bosten Lake Wetland were analyzed. The pollution and environmental risks of heavy metals in farmland soils
were analyzed based on Pollution Load Index (PLI), Potential Ecological Risk Index (RI) and Ecological Risk Warning Index(/gR).
Results indicated that: 1) Pb and Zn were at high pollution levels, where as As, Cd, Cr and Ni at light pollution level, Cu at
slightly pollution level and Mn at no pollution level. The average contents of As, Cd, Cr, Cu, Ni, Pb and Zn in soils were at slight
ecological risk status. Cd was at the highest pollution level and ecological risk; 2) The average value of PLI for heavy metals was
1.43, which showed a light pollution level. The average value of RI was 20.62, which suggested a light ecological risk situation.
The average value of Igg was —4.53, which indicated a no warning situation. The spatial distribution of PLI, RI and /g were
similar. 3) Pb and Zn of farmland soil along the marginal zone of wetland were affected mainly by the human activities, whereas
Cr, Cu, Mn and Ni were affected mainly by the geochemical background of soil, and the main sources of As and Cd may be
affected by the interaction of human activities and natural factors.

Key words: Soil; Heavy metal pollution; Ecological risk; Warning; Bosten Lake
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